A Gram-stain-negative, short rod-shaped bacterium, designated 26DY36 T , was isolated from a deep-sea sediment sample collected from the North Atlantic Rise. The isolate required NaCl and grew best with 2 % (w/v) sea salts at a temperature of 30-35 6C and at pH 7.0. It formed yellow colonies, produced carotenoid-like pigments and did not produce bacteriochlorophyll a. 
The genus Altererythrobacter, belonging to the family Erythrobacteraceae within the class Alphaproteobacteria, was established by Kwon et al. (2007) and emended by Xue et al. (2012) . At the time of writing, the genus Altererythrobacter comprises 12 species with validly published names. Members of the genus Altererythrobacter have been isolated from seawater (Seo & Lee, 2010; Park et al., 2011) , marine sediment (Kwon et al., 2007; Matsumoto et al., 2011) , the rhizosphere of wild rice associated with mangrove (Kumar et al., 2008) , tidal flats (Yoon et al., 2005; Fan et al., 2011; Jeong et al., 2013) , desert sand (Xue et al., 2012) and a sea urchin (Nedashkovskaya et al., 2013) . The members of the genus Altererythrobacter are characterized by the yellow to orangered colony colour on plates, lack of bacteriochlorophyll, C 18 : 1 v7c as major fatty acid, and Q-10 as predominant respiratory quinone. This study focuses on the description of a yellow strain (26DY36 T ) that was isolated from deep-sea sediment.
The deep-sea sediment samples were collected from the North Atlantic Rise (33u 069 490 W 5u 569 400 N) at a depth of 2577 m by a television grab bucket operated from the vessel DA YANG YI HAO. Aboard the ship, the sediment samples were subsampled aseptically and used immediately. A~100 mg subsample was suspended in 3 ml sterile seawater and vortexed for 15 min. The suspension was spread on marine agar 2216 (MA, BD) containing 20 mM MnCl 2 . After 30 days of aerobic incubation at 28 u C, one yellow colony, designated 26DY36
T , was picked. The isolate was purified by repeated restreaking. Purity was confirmed by the uniformity of cell morphology. Unless otherwise stated, strain 26DY36
T was routinely cultured on marine broth 2216 (MB, BD) at 30 u C and preserved as a glycerol suspension (30 %, v/v) at 280 u C.
The temperature range for growth was determined by incubating at 4, 10, 15, 20, 25, 30, 35, 37, 40, 42 and 45 u C.
The pH range for growth was determined in MB that was adjusted to pH 5-10.5 (in 0.5 pH unit intervals) using appropriate biological buffers (MES for pH 5.0-6.0, PIPES for pH 6.5-7.0, Tricine for pH 7.5-8.5 and CAPSO for pH 9.0-10.5) at a concentration of 50 mM. Evaluation of the pH values after autoclaving revealed only minor changes. The optimal conditions for growth were tested by using NaCl-free MB with different NaCl concentrations (0, 0.5, 1.0, 3.0, 5.0, 7.5, 10.0, 12.0, 15.0 and 20 .0 % as final concentration, w/v). The requirement of strain 26DY36 T for artificial sea salts was evaluated in trypticase soy broth (BD) with the addition of 0, 1, 2, 3, 5, 7, 9, 10, 11, 12, 15 % (w/v) sea salts (Sigma). Cell morphology was examined using optical microscopy (BX40; Olympus) and electron microscopy (S260; Cambridge, and JEM-1230; JEOL). Cell motility was observed according to the hanging drop technique (Bernardet et al., 2002) by confocal laser scanning microscopy (Leica TCS SP5).
Oxidase activity was determined by oxidation of 1 % paminodimethylaniline oxalate. Catalase activity was determined by bubble production in 3 % (v/v) H 2 O 2 solution. Anaerobic growth was carried out with AnaeroPack (Mitsubishi) using potassium nitrate as a potential electron acceptor. Heavy metal tolerance was studied in MB supplemented with different concentrations of MnCl 2 (0, 10, 20, 50, 100, 150 and 200 mM), CoCl 2 (0, 0.25, 0.5, 1, 2, 3, 4 and 5 mM) or ZnSO 4 (0, 0.25, 0.5, 1, 2, 5, 10, 14, 16, 20 and 30 mM) . The pigment absorption spectrum analysis was performed by the method described by Rainey et al. (2003) and Hildebrand et al. (1994) , using a Beckman DU 800 spectrophotometer (absorption spectrum from 300 to 1000 nm). Tests for hydrolysis of aesculin, casein, DNA, gelatin, starch and Tweens 20, 40, 60 and 80 were performed according to Dong & Cai (2001) . Acid production was tested using the marine oxidation-fermentation (MOF) medium supplemented with 0.5 % sugars (Leifson, 1963) . Sensitivity to antimicrobial agents was determined on MA at 30 u C and observed after 3, 7 and 14 days. The radius of inhibition zones above 1 mm were described as sensitive to antimicrobial agents. Additional enzyme activities and biochemical characteristics were determined using API 20 NE, API 20E and API ZYM kits (bioMérieux) at 30 uC. Enzyme activities were tested using the API ZYM kit as recommended by the manufacturer. Strips were inoculated with a heavy bacterial suspension (MacFarland 5 standard) in AUX medium supplemented with 2 % (w/v) sea salts (Sigma) according to Park et al. (2005) . Altererythrobacter marinus H32
T was used as a control in the above tests.
Genomic DNA was obtained by using the method described by Marmur (1961) . The G+C content of the resulting deoxyribonucleosides was determined by reversed-phase HPLC and calculated from the deoxyguanosine/thymidine ratio (Mesbah & Whitman, 1989) . Cellular fatty acid methyl esters obtained from cells grown in MA for 3 days at 30 u C at the end of exponential phase were analysed by using GC/MS (Kuykendall et al., 1988) according to the instructions of the Microbial Identification System (MIDI). Isoprenoid quinones were extracted from freeze-dried cells (200 mg) with chloroform/methanol (2 : 1) and analysed by reversed-phase HPLC. Total lipids were extracted by the modified method of Kamekura & Kates (1988) and identified by two-dimensional TLC. Molybdophosphoric acid was used for the detection of all lipids, ninhydrin reagent for lipids containing free amino lipids and ammonium molybdate reagent for phosphoruscontaining lipids.
The 16S rRNA gene of strain 26DY36
T was amplified and analysed as described previously (Xu et al., 2007) . PCR products were cloned into vector pMD 19-T (Takara) and then sequenced. The almost-complete 16S rRNA gene sequence was compared with closely related sequences of reference organisms from the EzTaxon-e server (Kim et al., 2012) . Sequence data were aligned with CLUSTAL W (Thompson et al., 1994) . Phylogenetic trees were reconstructed by the neighbour-joining (Saitou & Nei, 1987) , maximum-parsimony (Fitch, 1971) and maximum-likelihood methods (Felsenstein, 1981) with the MEGA 5 software package (Tamura et al., 2011) . Evolutionary distances were calculated according to the algorithm of Kimura's two-parameter model (Kimura, 1980) for the neighbour-joining method.
Cells of strain 26DY36
T were Gram-stain-negative, aerobic and rod-shaped, 0.4-0.7 mm in width and 2.0-3.2 mm in length. One to three short protrusions of 0.1-0.2 mm in length were present laterally on the surface of most cells (Fig. 1a) . Ultrathin sections revealed typical protrusions at the periphery of the cells (Fig. 1b) , as well as abundant small granules (Fig. 1c, d ). Cells showed a single polar flagellum (Fig. 1c) . Colonies were yellow, circular, slightly convex and 1-2 mm in diameter after 2 days incubation at 30 u C on MA. Strain 26DY36
T was able to grow in liquid media containing high concentrations of heavy metals, including MnCl 2 (200 mM), CoCl 2 (3.0 mM) and ZnSO 4 (2 mM). The detailed phenotypic characteristics of strain 26DY36
T are given in the species description. A comparison of the phenotypic properties between strain 26DY36 T and the type strains of recognized species of the genus Altererythrobacter are given in Table 1 and Table S1 , available in IJSEM Online.
The almost-complete 16S rRNA gene sequence (1424 nt) of strain 26DY36 T was obtained. Phylogenetic analysis indicated that strain 26DY36
T belonged to the genus Altererythrobacter. The tree topologies showed that strain 26DY36
T fell within the cluster comprising species of the genus Altererythrobacter and formed an independent clade (Fig. 2) . 16S rRNA gene sequence similarity of strain 26DY36
T with the type strains of recognized species of the genus Altererythrobacter was 92.7-96.5 %, the highest value being obtained with the type strain of A. marinus. The DNA G+C content of strain 26DY36
T was 59.4 mol%, a value within the range reported for members of the genus Altererythrobacter, i.e. 54.5-67.2 mol% (Kwon et al., 2007; Xue et al., 2012) . The DNA G+C content of strain
26DY36
T was notably less than that of A. marinus H32 T (66.1 mol% as reported in the literature or 66.5 mol% determined in this study).
The chemotaxonomic data support the result of the phylogenetic analysis. The predominant respiratory quinone found in strain 26DY36 T was Q-10, in line with all members of the genus Altererythrobacter (Kwon et al., 2007) . The polar lipid profile of strain 26DY36 T consisted of the major compounds sphingoglycolipid (SGL), diphosphatidylglycerol (DPG), phosphatidylethanolamine (PE), phosphatidylglycerol (PG), phosphatidylcholine (PC) and two unidentified glycolipids and minor amounts of two unidentified polar lipids (Fig. S1) . SGL, DPG, PE, PG and PC were also the major polar lipids in other species of the genus Altererythrobacter such as Altererythrobacter aestuarii (Park et al., 2011) . The fatty acids profile of strain 26DY36 T was different from that of A. marinus H32 T (Table S2 ). The C 17 : 1 v6c content of strain 26DY36 T (33.1 %) was higher than that of A. marinus H32 T (14.7 %); whereas the 11-methyl C 18 : 1 v7c content of the former (2.2 %) was significantly less than that of the latter (24.5 %). Traces of branched chain fatty acids were detected in strain 22DY36
T , but not in A. marinus H32 T . Methanol extracts showed absorption maxima at 446 and 473 nm, probably due to the presence of carotenoid-like pigments. Bacteriochlorophyll a was not detected.
Strain 26DY36
T tested positive for motility, b-glucosidase activity, acid production from sucrose and D-xylose, and susceptibility to gentamicin (10 mg), kanamycin (30 mg) and neomycin (30 mg); whilst A. marinus H32 T was negative in these tests (Table S2 ). Strain 26DY36 T was negative for hydrolysis of starch, a-glucosidase activity, assimilation of D-maltose and cellobiose and acid production from starch; whilst A. marinus H32 T showed positive results in these tests.
On the basis of the phenotypic data and phylogenetic inference obtained in this study, strain 26DY36
T represents a novel species of the genus Altererythrobacter, for which the name Altererythrobacter atlanticus sp. nov. is proposed.
Description of Altererythrobacter atlanticus sp. nov.
Altererythrobacter atlanticus (at.lan9ti.cus. L. masc. adj. atlanticus of or pertaining to the Atlantic Ocean, where the type strain was isolated).
Cells are Gram-stain-negative, aerobic, monoflagellated and short rod-shaped, 0.4-0.7 mm in width and 2.0-3.2 in length. Colonies are yellow, circular, slightly convex and 1-2 mm in diameter after 2 days incubation at 30 u C on MA. Requires natural seawater or artificial sea salts for growth. Growth occurs in NaCl-free MB supplemented with 0.5-5.0 % (w/v) NaCl (optimum 0.5-1 %), but not in trypticase soy broth without sea salts or seawater supplementation. (Park et al., 2011) ; 4, A. dongtanensis JM27 T (Fan et al., 2011) ; 5, A. epoxidivorans JCS350 T (Kwon et al., 2007; Kumar et al., 2008; Park et al., 2011) ; 6, A. gangjinensis KJ 7 T (Jeong et al., 2013) ; 7, A. indicus MSSRF26 T (Kumar et al., 2008; Park et al., 2011) ; 8, A. ishigakiensis JPCCMB0017 T (Matsumoto et al., 2011) ; 9, A. luteolus SW-109 T (Yoon et al., 2005; Kwon et al., 2007; Park et al., 2011) ; 10, A. marensis MSW-14 T (Seo & Lee, 2010) ; 11, A. namhicola KYW48 T (Park et al., 2011);  12, A. troitsensis KMM 6042 T (Nedashkovskaya et al., 2013) ; 13, A. xinjiangensis S3-63 T (Xue et al., 2012) . +, Positive; 2, negative; W, weakly positive; NA, no data available. The type strain, 26DY36 T (5CGMCC 1.12411 T 5JCM 18865 T ), was isolated from a deep-sea sediment sample collected from the North Atlantic Rise. The DNA G+C content of the type strain is 59.4 mol% (by HPLC). Y.-H. Wu and others
